understanding of the disease burden and can aid decision making regarding the need for intervention. 44, 47, 48 The purpose of the present study was to measure the health state of a diagnosis of sagittal craniosynostosis by using utility scores in an attempt to objectively compare the burden of a scaphocephalic head shape with other recognized debilitating health states, namely blindness. By quantifying the perceived psychosocial burden associated with sagittal craniosynostosis among the general population, we hoped to better understand the conflict felt by families when offered a potentially morbid corrective surgery in a child's 1st year of life for an aesthetic indication.
Methods
Institutional research ethics approval was obtained for the study. All prospective participants signed an electronic informed consent, and the parent of the child whose photograph was used in the study signed a written consent for use of their child's photograph for research and publication purposes.
A prospective random sample of the general population was included in our study. An open-enrollment, online health utility assessment survey was designed using the Opinio survey tool (version 7.1.2, ObjectPlanet Inc.). A classified online advertisement website (http://www. kijiji.com) was used to recruit participants from the general public, while undergraduate medical students were recruited on a voluntary basis via institutional email. Responses from unique Internet Protocol (IP) addresses were collected to avoid multiple entries. Participants completed anonymous demographic and health state questionnaires in addition to utility assessments. To evaluate the study participants' comprehension, as well as to facilitate comparison with previously published studies, monocular and binocular blindness scenarios were used. Only participants who correctly rated binocular blindness with a lower utility score than monocular blindness were included in the analysis.
Participants were presented with a health-state description and photograph of a patient with binocular blindness, monocular blindness, and a typical scaphocephalic head shape (cephalic index 0.67) due to sagittal craniosynostosis (Fig. 1) . The health-state description of the patient with scaphocephaly emphasized the potential progression of the deformity with age if left uncorrected. Participants were asked to imagine themselves as the patient and to complete a VAS, SG test, and TTO test to assess the health-related quality of life of each of the presented patients (monocular blindness, binocular blindness, sagittal craniosynostosis). All 3 of these utility measures were used to reduce the drawbacks of each individual test.
As previously described, 5, 16, 36 for the VAS, participants were asked to score a value ranging from 0 (death) to 100 (perfect health) while imagining him-or herself as the patient in the given health state. The utility health state was calculated as follows: score/100. On the TTO test, participants were asked to choose between living a specified number of years in the described health state and giving up a certain number of years of life to have perfect health. Sequential years of life were presented until the indifference point was found, that is, the point at which the participant is no longer willing to trade years of life to achieve perfect health. The utility value was calculated as follows: (number of years in the described health state -number of years traded off at the indifference point)/ (number of years in the described health state). Lastly, for the SG score, study volunteers were asked to choose between remaining in a given health state and gambling on a state in which there is a stated probability of perfect health and a stated probability of death. Sequential probabilities of perfect health and death were presented until the indifference point was found, that is, the point at which the participant is indifferent to taking the gamble or remaining in the described health state. The utility score was obtained using the following formula: (1.00 -risk of death at indifference point)/100.
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Statistical Analysis
Statistical analyses were performed using the opensource statistical computing program R for Mac OS X 10.9, version 3.3.1 (Bell Laboratories). Utility score distributions were tested for normality using the Shapiro-Wilk test. For utility scores with nonnormal distributions, the nonparametric Wilcoxon and Kruskal-Wallis tests were used, with median and interquartile ranges reported. To account for family-wise error rate bias, noted significance was reduced to p < 0.01. Using age, race, and education as independent predictors of each of the utility scores (VAS, TTO, and SG) for scaphocephaly, a linear regression was performed. Values of p < 0.05 were considered statistically significant for these analyses.
Results
A total of 122 participants completed the online survey over a 2-month enrollment period. We excluded 4 participants who indicated that they did not understand the survey by assigning a higher health utility score to binocular blindness than monocular blindness. These excluded participants did not differ from the 118 participants included in the analysis in terms of age, sex, or education. Among those included in the study, there were slightly more female (55.9%) versus male participants (44.1%). The majority of respondents were well educated, with 81.3% attending some form of postsecondary school. Of the participants, 36.4% were medical students. Most of the participants identified as white (72.9%), and the average age of participants was 31.4 ± 14.1 years ( Table 1) (Table 2) . When analyzing the health utility scores for scaphocephaly, an SG of 0.92 translates to a willingness to undergo a procedure that has an 8% risk of death to attain a state of perfect health. Similarly, a TTO score of 0.91 can be interpreted as a willingness to theoretically sacrifice 3 years of life to live the remaining years in a state of perfect health.
Utility scores did not significantly differ between male and female participants or when comparing the answers of white versus non-white participants. Additionally, no significant difference was found between the reported utility scores from medical students and those of the general population ( Table 3 ). The univariate linear regression showed no statistical significance using age, sex, income, or education as predictors of utility scores for scaphocephaly.
Discussion
Sagittal craniosynostosis is the most common form of craniosynostosis, accounting for 45% of nonsyndromic cases. 10, 13, 21 While studies have found the overall quality of life to be lower in syndromic and complex craniosynostosis patients, 2, 3, 12 there has been little research on the health utility of nonsyndromic sagittal craniosynostosis. In this study we aimed to quantify the associated burden of scaphocephaly as perceived by the public in an effort to help physicians address families' concerns regarding indications for treatment of this form of craniosynostosis.
According to results obtained in our study, participants equate a scaphocephalic head shape with a higher health utility state than monocular blindness, a well-recognized impairment. Theoretically, participants would be willing to accept an 8% risk of death or give up to 3 years of their life to live in a state of perfect health without scaphocephaly. Our utility scores for monocular and binocular blindness were similar to those in previous studies, allowing us to compare our results with the utility scores for other health states (Table 4) . 1, 5, 7, [15] [16] [17] [18] [32] [33] [34] [35] [36] [37] [38] [39] On the basis of previously published utility scores for other health states, scaphocephaly appears more comparable to largely aesthetic deformities such as breast ptosis, microtia without hearing loss, and massive weight loss requiring body contouring. While the aesthetic deformity associated with sagittal craniosynostosis is evident to the casual observer, the association with long-term neurological impairment remains controversial. 9, 11, 19, 20, 23, 25, [40] [41] [42] [43] 49 Increased intracranial pressure and associated cognitive impairment is common in syndromic and complex cases involving fusion of more than one suture; however, compensatory growth in sagittal craniosynostosis patients appears to prevent cognitive debilitation in most affected cases. 45 In fact, intracranial volume has been found to increase as a function of time in patients with uncorrected sagittal synostosis. 28, 29 For those nonsyndromic patients who do develop intracranial hypertension, corrective surgery has not been found to correct associated impairments. 13, 49 Some standard-ofcare guidelines dismiss potential cognitive impairment as an indication for surgery, based on available low-level evidence. 25 Despite this inconclusive evidence, most parents opt for corrective surgery to remodel the skull and allow for normal head growth in their child. 8 This finding suggests that scaphocephaly correction in nonsyndromic cases is performed largely for aesthetic reasons, with the aim of improving the psychosocial experiences of the child throughout life.
5
Boltshauser et al. studied the psychosocial experiences of children with uncorrected scaphocephaly through parent reports on quality of life. 4 Parents reported that their affected children were well adjusted with a normal healthrelated quality of life; however, they also described their affected children as less joyful, happy, and confident than healthy children. While this may suggest negative effects on emotional functioning, it is important to note that all scores fell within normal ranges. Our study builds on these findings, presenting the health utility scores of scaphocephaly as determined by an unbiased random sample of the population rather than by parents of the affected child.
In the current study, participants were asked to determine the health utility of scaphocephaly in the absence of any neurological deficits. This allowed us to focus solely on the aesthetic aspects of the condition. The image we chose to display in this survey represented a patient with the average preoperative cephalic index commonly reported for sagittal craniosynostosis patients. 6, 14, 27, 30 The high utility scores for scaphocephaly suggest that improvement in the aesthetic deformity in the 1st year of life may not be the principal driver for surgical correction. Instead, we speculate that parents choose to submit their child to an invasive surgery to avoid progression of the deformity later in life. Although the current study does not allow us to definitively prove this theory, our findings underscore the potential for decisional conflict among families faced with the prospect of surgical correction for their infant child. The decision to proceed with surgery could be made easier for parents, we speculate, by presenting them with photographs of adults with uncorrected sagittal craniosynostosis to provide them with a sense of the deformity's potential progression. In the current study we did not include photographs of untreated adults given our concern that different responses would be obtained depending on the sequence in which the two very similar scenarios were presented online. For example, if the scenario of the nonoperated child was presented after that of the untreated adult, respondents would likely rate the former cranial difference as even less severe than in the current report, again failing to reflect the clinical experience. Thus, the current report serves as a proof of principle for further studies, including a randomized controlled trial in which parents of children with sagittal craniosynostosis are or are not presented with photographs of an untreated adult during the initial clinic visit to determine if this reduces their decisional conflict. Ultimately, this study points to the need for surgeons to hold frank discussions with families that balance aesthetic, psychosocial, and cognitive concerns against the potential risks of morbidity and mortality associated with surgery.
This study is not without its limitations. As mentioned above, given ongoing compensatory cranial growth, the image used in this study does not accurately represent the progression of the severity of the deformity into adulthood. While participants were informed that the head would continue to grow long and narrow, an image of the progression would probably have resulted in lower utility scores. However, our aim was to create, as best as possible, the scenario faced preoperatively by parents of children with sagittal craniosynostosis in the 1st year of life. In addition, although recruitment was designed to obtain a sample of the general public, our study may not accurately reflect the broad population with which patients would ultimately interact. The majority of our respondents were healthy, young, educated, and white. Finally, this study did not include respondents who were themselves born with sagittal craniosynostosis. Future studies should aim to compare utility scores reported by patients with uncorrected and corrected sagittal craniosynostosis with those reported by the general population. Despite these limitations, our study offers important insight for physicians and families when discussing corrective surgery for scaphocephaly due to sagittal craniosynostosis.
Conclusions
Using objective health state utility scores, we showed that the perceived burden of sagittal craniosynostosis and scaphocephaly is less than that of monocular blindness, a well-recognized functional impairment. These relatively high utility scores for scaphocephaly suggest that the burden of disease as perceived by the general population in a child's 1st year of life may not justify morbid corrective surgery when performed for aesthetic purposes alone.
